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FoREwoRn.-The Psychology of Theory nlaking ‘in Xcience.-The 
writer has long interested himself in  the psychology of the making 
of scientific t,heories, and has given some. attent,ion to t,he manner in 
which the great events of a period, t,he, acc,ept,ed fashions of intellectual 
processes in  vogue a t  the time, and the personalities of the dominating 
scientific authorities, have reacted and interacted to produce what we 
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26 W. H. HOBBS-TIIE ORIGIN O F  DESERT DEPRESSIONS 

sometimes refer to as standard doctrines-the accepted theories. I n  
the field of seismology it is not difficult to show how the so-called 
centrum theory of earthquakes, which held the center of the stage 
for half a century (1857-1907) and determined the trend of investi- 
gation, is directly traceable to the Crimean War, since i t  was there 
that the reputation of Robert Uallet was made in the field of ballistics, 
On the basis of his researches upon the life of great guns, Mallet 
was able to obtain the financial support of the Royal Society for a study 
of the Neapolitan earthquake of 1857, and in his report upon it to 
carry over successfully to the disturbances within the earth's outer 
shell, ideas gained from explosions and the propagation of their shocks 
as harmonic motions through homogeneous media. 

The study of glaciers has siniilarly been given its trend as a 
consequence of the accident that pre-existing glaciers of continental 
dimensions were visualized from Alpine glaciers before existing glaciers 
of continental type had been examined. A great personality and the 
greatest authority upon the diminutive niountaiii glaciers of the Alps, 
was the first to visualize the great glaciers of " The Ice  Age," and 
quite without warrant to carry over to them those attributes which 
he had found ta belong to the small ice streams of the Alps. 

It is only natural that the prepossessions of geologists concerning 
the geological processes of desert regions, should have been largely 
carried over froin the humid regions of temperate zones, with which 
they had long been familiar and within which geological science had 
grown up. I n  America particularly this seems to have been true, 
notwithstanding the fact that important areas of desert were earIy 
studied and described in monographs which have greatly enriched the 
field of knowledge. 

Uuch impressed by that great work of Johaiiiies Walther, " The 
Law of the Desert," the writer had fclt a longing to visit the deserts 
of northeastern Africa, to which Walther has devoted so much atten- 
tion and where complete aridity is perhaps more nearly realized than 
elsewhere upon our planet. The desired opportimity came in the 
winter of 1012-13, and the studies then made constitute the basis of 
the present work. 

Ac~nozuledgYr~ents.-The author is under special obligations to the 
Survey Department, Egypt, for copies of valuable maps ; to Mr. G. W. 
Grabham, 11. A., Geologist to thse Gudan Government, for many 
courtesies and for acting as his guide in excursions made from Khartum 
as a center; to A h .  Wright, who at  Narkaz el Sherikah was in charge 
of the oace of the Corporation of Western Egypt and who gave him 
valuable assistance in an excursion made in the Oasis of Kharga. 

I n  the later study of the desert stones, the author is under obligation 
particularly to Professor Edward D. Campbell, Director of the Chem- 
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CONTRASTED FEATURES O F  HUMID AND ARID LANDS 27 

ical Laboratory of the University of Michigan, and to William C. 
Dowd, his Assistant, for a chemical study of the desert rinds. To 
Dr. A. L. Parsons, Professor of Nineralogy at the University of 
Toronto, the author is indebted for a study of the hardness of these 
specimens. 

THE CONTRASTED FEATURES OF HUMID AND ARID LANDS.-?% In-  
tricate Patterns of the Erosim Xurfaces in Humid Regions.-Within 
humid temperate regions, those with which we are best acquainted, 
the erosion surface of the land is very largely the handiwork of 
running water, or that of glacial ice subsequently laid under the action 
of running water. Wherever water has been the sole ageiit of degrada- 
tion, the design imprinted upon the land surface is an arborescent 
tracery cut into the surface-an intaglio-which starting from stem- 
like grooves at  the ocean margin divides and subdivides the area with 
ever greater complexity as it recedes from it. Most deeply graven 
a t  the ocean border, the incisions become both shallower and finer 
with each succeeding ramification. Though the incisions be cut so 
deep as to remove all the original surface and so yield a complex of 
ridges, the pattern is none the less truly preserved as an intaglio. 

Glacial ice insofar as it is in  small masses and restricted in its 
action to the trenches of the pattern produced by the action of water, 
though it modifies the form of the gravings and particularly where 
they are less deeply incised, does not in any large degree eflace the 
general pattern due to the running water. Quite otherwise is it where 
ice masses of continental dimensions instead of being restricted to the 
existing valle-s spread broadl- over the entire eountr?. By a com- 
bination of sculpturing and moulding processes the inherited intaglio 
is gradually transformed into a cameo, and the pattern which before 
was arborescent is n o ~ v  hidden beneath a series of raised arcs ranged 
in sweeping festoon series. So soon as  the ioe has disappeared, the 
land surface is nsually once more laid under the action of running 
water, and upon the cameo design there is faintly imprinted an intaglio 
tracery of arborescent character, but one fa r  less symmetrical and 
orderly than that which under other conditions is yielded by running 
water. Sometimes the original deep intaglio is not entirely effaced 
when the glacial cameo has been raised above it, and the resulting 
surface is so much the more intricate from its shaping in three suc- 
cessive stages, each with a different pattern. Yet whatever may have 
been the respective rGles of water and ice, in the shaping of a land 
surface, the intricate tracery of the intaglio which results from river 
erosion is never entirely absent, affording as it does the most striking 
contrast between the surface of the lands best known to us and that 
of the neighboring portions of the ocean floor. 
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28 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIOR’S 

The Simple Models of the Erosiiw Surface in Arid Lands.-The 
orderly tracery which is etched into the land surface within temperate 
humid regions is, however, in sharpest contrast with that of the arid 
lands. As we have seen, the intaglio pattern is to be ascribed to 
the selective action of the eroding agent operating under control of 
definite laws. I t  is the general absence from the arid lands of an 
eroding agent of selective character, which accounts for the absence 
of any similar patterned surface in  such regions, and its restriction 
in  semi-arid lands to a narrow marginal hem about the greater 
depressions. I n  the true deserts the degrading agents attack the entire 
exposed surface of the land with nearly uniform vigor, modified only 
as the materials attacked offer varying degrees of resistance. The 
main agent is the sun’s heat, manifested upon the one hand in large 
and sudden changes of rock temperature, and upon the other in preva- 
lent strong winds which lift and transport all the finer rock frag- 
ments. To these is added at infrequent intervals and locally, heavy 
downpour and flood-water here likewise largely non-selective in its 
action, since it travels in the main as sheet-flood either of water 
or mud. 

As regards the larger relief features in desert lands, they are for 
the most part broad and notably flat areas which pass from one level 
to another, not as a rule in  curving slopes as is so common in humid 
regions, but through a series of abrupt steps or terraces joined to each 
other by the even inclines of talus. We niiss also, that lack of balance 
in  the accomplished excavation which is so characteristic a feature of 
the land sculpture in humid regions. Within the arid lands the removal 
of rock materials has yielded vast flat-bottomed depressions within 
the surface which are shut in by steep walls and have been variously 
described as Djufs,’ Wanmen (pans) ,’ bol~ons ,~  and intermont plains.* 

Desert Weathering Contrasted with that of Humid Regions.-In 
order properly to understand the erosional and degradational processes 
of deserts, one must first divorce his mind from the preconceived notion 
that weathering processes are the same in  arid countries that they 
are in the more familiar humid temperate regions. Of the two broad 
classes of weathering processes, chemical and mechanical, the former 
generally described under the term decomposition, are largely 
dependent upon the presence of nature’s common solvent medium, per- 
colating water. That cheinical reaction may occur, an intimacy of 

1 Karl  A. v. Zittel, Beitraege zur Geologie und Palaeontologie der libyschen 

2 Albrecht Penck, Morphologie der Erdoberfllche, vol. 2, 1894, pp. 235-251. 
3R. T. Hill, Topographic Atlas of the United States, folio 3, 1900, p. 8. Re- 

4C. R. Keyes, Rock-floor of the Intermont Plains of the Arid Regions, Bull. 

Wiiste, etc., Palaeontographica, vol. 30, 1883, pt. 1, pt. 9-10. 

defined by C. R. Keyes, Am. Jour. Sci., vol. 165, 1903, pp. 207-210. 

Geol. SOC. Am., 1701. 19, 1908, pp. 63-92. 
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CASE-HARDENING O F  ROCK 29 

contact of the reacting substances is required which demands a fine- 
ness of subdivision such as is reached only in fusion or  solution. Fusion 
being here out of the question, decompositional ppocesses are in 
weathering almost entirely restricted to those districts where rainfall 
is abundant; their place in arid lands being taken by the mechanical 
processes of disintegration and by certain reactions apparently in part 
a t  least of a chemical nature which are restricted to the outermost 
skin of the rock and yield the well-known proltective rinds. 

The disintegrating processes of exfoliation (often controlled by 
joints to produce segmented columns), crumbling disintegration, dif- 
fission (Walther’s term, InsoZation) and case-hardening, are well 
described in German by Johannes Walther,6 and the reader unfamiliar 
with that language may perhaps be referred to the author’s Earth 
Features and their Meaning.‘ 

CASE-HARDENIKG OF RocK.--Chernical and Mineralogical Study 
of Protective Desert Rinds.-At various localities, but particularly in 
the area northwest of the Pyramids of Giza, about Luxor, in the Great 
Oasis, and near Khartum, many specimens of loose desert stone were 
collected from the surface1 armor of pebbles upon the desert floor, 
specimens having rinds which represent various differences in appear- 
ance, in thickness, and obviously in the chemical changes which have 
taken place in them (See Plates XIV and XV). The rinds of two of 
these specimens have been subjected to special study with reference to 
changes in  hardness and in chemical composition which they have 
undergone. The chemical study has been conducted by Professor 
Edward D. Campbell, Director of the Chemical Laboratory of the 
University of Xichigan, the analyses being made by his assistant, 
Mr. William C .  Dowd, B. S. The same specimens have been examined 
with regard to hardness by Professor A. L. Parsons, of the University 
of Toronto with use of the special form of schlerometer which he 
has devised.? 

A ‘‘Soft” Rind.-One of the specimens studied is a brownish 
yellow variety of dolomite with a rind which has an average thickness 
of a centimeter or more which appears upon the specimen as a cornice- 
like marginal extension where undercut by the action of the driven 
sand (Plate XIVa).  When broken through the specimen shows the 
rind to be somewhat more strongly colored by the iron stain char- 
acteristic of the entire specimen. 

The analyses of core and rind made upon this specimen by Mr. 
6 Das Gcsetz der Wiistenbildung, 1912. 
6Chapters on Weathering and on Deserts. 
7A. L. Parsons, A New Schlcrometcr, Am. Jour. Sci., vol. 29, 1910, pp. 162-168. 
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30 W. H. HOBBS-THE OBIGIN O F  DESERT DEPRESSIONS 

Dowd, revealed the interesting fact that though the rock as a whole 
is a dolomitic limestone with a ratio of dolomite to calcite molecules of 
about 6 :1, the thick rind is by contrast a nearly pure ca1cit.e. 

ANALYSES OF DESERT STONE AND ITS RIND FROM SPECIMEN COLLECTED IN THE 
LIBYAPI’ DESERT TO THE NORTHWESTWARD O F  THE GREAT PYRAMIDS, BY 

WILLIAM c. DOWD, B. s., ASSISTAKT IN CHEMISTRY, 
USIVERSITY OF MICHIGAN 

Interior 
of 

Stone 

Si09 . . . . . . . . . . . . . . . . .  0.19 
Al 0 . . . . . . . . . . . . . . . .  0.05 
F e  0 . . . . . . . . . . . . . . . .  0.34 
MnO . . . . . . . . . . . . . . . . .  0.04 
CaO . . . . . . . . . . . . . . . . . .  33.74 
MgO . . . . . . . . . . . . . . . . .  18.34 
Loss on Ign. . . . . . . . . . .  47.29 

2 3  

2 3  

99.99 

It is at first rather surprising 
the rind, which has offered more 

Theox eti cal 
Comp. of 
Dolomite 

(CaCO3, MgCO3) 
- 
- 

30.4 
2 1 . 7  
47.8 

100.0 
- 

0.51 - 
0 . 2 6  - 
0.38 - 
0.03 - 

54.92 56.0  
.28 - 

43.64 44.0 

100.02 100.0 

to learn from these analyses that 
resistance to the bombardment by 

the grains of clriiTen sand, is very much softer than is the normal rock. 
Confirmation of this is furnished by the determinations of hardness 
made by Professor Parsons after artificial surfaces had been pre- 
pared and carefully polished by a lapidary. Some difficulty was 
encountered in securing smooth surfaces owing to the presence of 
small pittings, in consequence of which the tests for hardness gave 
results which varied between rather wide limits. The average of 
twenty-seven readings niade upon the dolomite interior corresponded 
to a pressure of 5.1 granis, whereas the average of thirty-two readings 
made upon the calcite rind of the specimen corresponded to a pressure 
of 2.52 grams. The rind would appear therefore to be only about 
one-half as resistant to abrasion of this type as is the interior. None 
the less the specimen indicates with sufficient clearness that resistance 
to the bombarding action of sand grains is notably greater for the 
rind of soft calcite than it is for the core of hardey dolomite. Pro- 
fessor Parsons has drawn my attention to the fact that the wear upon 
lubber tubing used in sand pumps is. greater the harder the rubber, 
and that paper is so resistant to a sand-blast that it is used as a guard 
when letters are cut upon glass by this process. 

The elimination of the magnesiuni carbonate from dolomite in the 
rind producing process, is obvionsly of coiisiderable interest. Professor 
Campbell has offered the following suggestion : 

“Magnesium carbonate is much more readily dissociated than is 
calcium carbonatle, so that one might expect that *it would be removed 
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CASE-IIARDENING O F  ROCK 31 

more readily than the latter under the desert conditions to which these 
limestones have been subjected.” 

The carbon dioxide which results from the dissociation of the mag- 
nesite molecule, would be lost in the atmosphere, and it is not im- 
probable that the finely divided magnesium oxide would be sucked 
out of the rind and carried away during high winds.‘ That this 
process of elimination of magnesium carbonate has been accompanied 
by a recrystallization of the calcite residue, is abundantly proven by 
examination of a microscopic thin section which includes both core 
and rind, for the calcite of the rind is in coarser grains than is the 
dolomite of the core. 

A Black Rind.-The other desert rind which was especially exam- 
ined, is found upon a specimen of a grey variety of Mokattam Lime- 
stone from the same district, which in the unaltered interior reveals 
in the microscopic section the silicious infusoria which are char- 
acteristic of certain layers of this formation. The rind of this specimen 
is in three distinct layers, the outermost lustrous black and a millimeter 
in thickness, immediately beneath which is a red layer of oxide of 
iron of the same thickness approximately. The main portion of the 
rind has a thickness of several millimeters on the average and is made 
apparent upon the fractured surface of the specimen by its color, 
which is somewhat lighter than the unaltered rock. 

The material for analysis of the rind was obtained by grinding away 
the core material from a fragment of rind and core. It represents, 
therefore, the rind with, probably, some small portion of core attached. 

ANALYSES OF DOLOMITIC LIXESTONE AXD ITS DESERT RIND, FRAGMENT FOUND IN 
THE LIBTAS DESERT XORTHWEST OF THE GREAT PYRAMIDS OF GIZEH. 

ANALYSES BY WM. B. DOWD, B. S. 
Interior Rind 

SiO, ............................................. 7.04  50.99 
Al2O3 ............................................ .49 1.33 
Fe,03 ............................................ .08 .22  
RInO ............................................. Trace .14 
CaO .............................................. 43.96 21.96 
MgO ............................................. 6.47  3 .79  
Loss on Ign ....................................... 42.07 21.33 - 

100.10 99.76 

These analyses by Mr. Dowd show the unaltered material of the 
interior of the specimen to be a dolomitic limestone in which the 
magnesite molecule is admixed with the calcite molecule in about the 
proportion of 1:3, the imbedded silicious infusoria giving a silica 
content of seven per cent of the whole. The impure rind is shown 

8 Cf. Sickenberger, Zeitsch. d. d. geol. Gesell., 1889, p. 314. 
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32 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

to be about one-half silica and one-half dolomitic limestone of approxi- 
mately the same composition as that of the interior. 

A section of this rind with the attached portions of the core was 
digested for two weeks i n  a mixed solution of five per cent nitric 
acid and ten per cent hydrochloric acid, the residue being taken from 
the menstrum a t  intervals for scraping and washing. A t  the end of 
the period there remained a residual shell of a dirty white color corre- 
sponding in  thickness to the sub-surface rind in the original specimen, 
and with a somewhat brownish outer surface. Only 2.43 per cent 
of this shell remained as an insoluble residue after one hour’s digestion 
in  a five per cent solution of nearIy boiling hot sodium hydroxide. 
This ready solution in caustic soda indicates that the silica is opaline, 
and examination of the thin section confirms this view. I n  the section 
the silica is revealed in  the interior portion in  the form largely of 
organic rests as chalcedony. These infusoria can be observed to 
extend into the rind without noticeable change of character, whereas 
the remaining portion of the rind shows the dolomite of the core to 
be in large part replaced by opaline silica, which affords a birefringence 
of the rich blues and yellows to contrast with the calcite colors of 
the higher orders. I n  addition the rind is considerably stained with 
ferrite and is on this account easily differentiated from the core when 
examined in ordinary light. 

The development of opal within the rind confirm observations 
made in  other desert regions, so that opal has come to have the value 
almost of a fossil in  indicating arid climatic conditions, a distinguish- 
ing characteristic which it shares with gypsum. I n  view of the 
extreme aridity of the region where the specimens mere found, the 
writer inclines to the view that the moisture enters in the process 
of the change not as rain but much more probably as dew. 

The studies by Professor Parsons of the hardness of this specimen, 
indicate for the interior portion as the result of four tests which are 
in very close agreement, a hardness corresponding to 2.5 grams of 
pressure, about the hardness of calcite. Three almost equally con- 
sistent tests made upon the inner rind gave a hardness corresponding 
to 1.73 grams of pressure, or  something more than half that of the 
unmodified interior rock. The thin red layer between the innermost 
rind and the outermost black varnish was almost too thin for testing, 
but a single scratch gave the result 1.6 as against the average 1.73 
of the main inner rind, which indicates with much probability that 
it is mainly of the same material though strongly colored with hema- 
tite. These results are somewhat puzzling in  view of the larger per- 
centage of silica in the rind as compared to the core, and they 
perhaps indicate the difficulty in  applying tests of hardness to aggre- 
gates of such different bodies as silica and carbonates. 
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SAND-BLAST EROSION 33 

SAND-BLAST ERosIoN.-obSerzred Range  of More Effective Action. 
--Oddly enough little attention seems to have been directed to sand- 
blast erosion by geologists, most general texts laying stress only upon 
the differential erosion effects indicated by the well-known ‘( stone 
lattice ” which is developed wherever notable differences of rock hard- 
ness correspond to a more o r  less d e h i t e  pattern. Moreover, the 
mushroom rocks ( P i l z f e b e n )  so common in deserts, seem generally 
to have been explained by the assumed existence of a stratum of less 
resistant rock near the level of the general surface, which layer has 
in  consequence first fallen a prey to weathering processes. While 
without doubt in many instances, such, for example, as those figured 
by Walther,’ the weathering of a less resistant layer near the ground 
level may be sufficient explanation for  the canopy-like overhang, it is 
believed that i n  many other instances the mushroom forms are to be 
accounted for solely by sand-blast erosion strictly limited in  vertical 
range and close to the level of the ground. 

The writer was first strongly impressed by the narrow range in 
effective action of the natural sand-blast from observations made in 
the Great Oasis of the Libyan desert, where the cast-iron telegraph 
poles lining the railway were well burnished by the flying sand to a 
height above the ground of only about a yard. Here also the thick 
adobe walls of the ancient Roman fort near Jebel Um el Ghenneiem 
known to the natives as “ El Deir,” are deeply undercut by the same 
process with the upper limit of effective abrasion essentially the same 
as noted on the telegraph poles, except where accumulations of sand 
have locally raised the surface of the ground (Pl. XVI). 

To the north of Khartum and east of the Shabluka gorge of the 
Nile, the granite knobs which as “ island hills ” rise out of the great 
plain, have been beautifully burnished by the sand-blast to the height 
of about a yard, a t  which elevation the polished zone meets the 
remaining upper portion of the granite surface in a fairly sharp 
boundary. Even from a considerable distance the lower polished 
zone is plainly outlined against the dark brown surface above 
(P1. XVII Ib )  . 

Sphenoidal Elongated Ridges  Fashioned by the  i3and-Blast.- 
Wherever the winds maintain a constancy of direction throughout the 
year, ridges of peculiar form result from sand-blast erosion. Through- 
out a large area of the Libyan desert the direction of winds throughout 
the year varies through a small arc only to the westward of the 
meridian, and hence such ridges as are carved by the sand erosion 
take on definite forms. Where the rocks are of little strength, these 
ridges are carved with comparative ease, and the limited vertical range 
of the action causes undercutting wherever projecting masses of rock 

9 Johannes Walther, Das Gesetz der Wiistenbildung, 2te Aufl., 1912, figs. 101-105. 
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34 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIOXS 

exceed in height the yard or thereabouts to which effective abrasion 
extends. Particularly fine examples are supplied by the eroclecl lacus- 
trine beds exposed near Uarkez el Sherikah in the great oasis. These 
weak clayey beds are intersected by a rectangnlar system of vertical 
joints, and in consequence the windward surface, as it has been undercut 
by the sand-blast, has been fashioned on these planes and left as a 
nearly vertical cliff sometiines notched at the base as is a sea cliff. 
That portion of the sand which is swept around and over the projection 
scours i t  upon the sides and lee surface and shapes it eventually in 
general conformity to the lines of stream flow (Pls. XIX and XX). 
The form assumed under the action of the sand-blast is an elongated 
sphenoid strikingly unsymmetrical, with longer axis directed with the 
wind and having the steep and small face to windward. Where groups 
of these features appear upon the floor of the desert, they strikingly 
suggest a school of porpoises emerging at the same instant for their 
leaps out of the water (Pl. XIX). Low secondary features which have 
been sculptured by sand-blast in  the deserts of Central Asia are 
described by Sven Hedin under the term jaYda,ngs, and here also as the 
winds blow with much regularity from one quarter they possess a very 
definite and constant topographic form." 

Upon the broad hamada which separates the Great Oasis in the 
Libyan desert from the rift of the Nile, the " glass hard " limestone 
which forms its upper capping layer, has in local areas and under con- 
stant northerly winds been fashioned into unsymmetrical ridges by the 
flying sand, but since the sculptixring process goes forward here much 
less rapidly than in the case of the weak lake beds of the oasis, the 
original surface has been much less profoundly altered and the ridges 
present less uniformity in  contour. I t  is worthy of note, however, that 
the lower layers for a few feet above the general level of the hamada 
consist of the strongest rock, whereas above this layer there occurs 
a relatively soft bed with numerous hard flinty concretions. These 
latter through undermining by the sand-blast have in  some areas been 
liberated from their matrix in large numbers and lie scattered thick 
over the surface, thus resembling'a field of watermelons, and they 
are in  fact so called ( e l  botiq) by the Bedouins. 

Where the surface features are fashioned from the hard lower layer, 
the projections which result often lie close together so that the sand- 
laden wind has passed between them as through bellows pipes. I f  
these obstructions do not exceed a yard in height, the windward or 
stoss ends are found beautifully polished to the top, but if much higher 
a rough unshaped upper surface may often be seen. 

10 Sven Hedin, Scientific Results of a Journey in Central Asia, 1899.1902, vol. 
2, 1905, pp. 238-242, PIS. 24-27. 
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RATE OF UXDERCUTTING BY SAND-BLAST 35 

R a t e  of Undercut t ing  by Sand-Blast.-During the windy days of 
early summer, erosion by flying sand within the area of the1 Great 
Oasis is excessively rapid. Ball tells us that a piece of tin plate put 
out to the blast for two days had all the coating removed, and that 
glass bottles in  the same time were made quite dull by the scratching 
action of the driven sand.’’ On the protected surfaces of rock in the 
same region, on the other hand, erosive action has been so slight that 
after 1,400 years inscriptions drawn in red ochre are entirely legible. 
A quite remarkable pair of examples of rapid sand erosion on pro- 
jecting buttes has been furnished by Obrutchev.” 

A good measure of the rate of sand erosion on well-made adobe was 
furnished by the corner posts of a cemetery lot at Illarkaz-el-Sherikah 
that had been erected about a year before the writer’s visit. Owing 
to the constancy of the wind direction, these posts had been undercut 
about the northwardly directed angle only, and there to a depth near 
the ground of five to six inches. The eroded portion extended up 
from the ground about two and a half feet, and wherever small 
pebbles had been included in  the mud of the adobe these had locally 
protected the material behind it and so yielded small hoodoo-like 
headed pillars directed toward the wind and some three inches in length 

Such slender “ demoiselles ” resulting from the imbedding of 
harder nodules within rocks. whose surface has been drilled away by 
natural sand blast, have been described by Walther. Especially beau- 
tiful examples of such structures were collected by the writer from 
the notch near the summit of Dj. Urn. el Ghenneiem near the eastern 
wall of the great Oasis. The rock is the compact Eocene limestone 
and the capping nodules the numerous imbedded shells of Opercul ina 
Libyea, (PI. X X I ) .  The spines are sometimes fully an inch in length, 
and apparently as a result of local wind currents beneath the zigzagging 
escarpment of the eastern wall of the depression the spines project 
in nearly opposite directions from certain angles of the rock surface 
(PI. XXIb). An example of a relief pattern supplied by the hard 
phenocrysts of a rhyolite is reproduced in  Plate XXIIb.  

(Pl. X V I I I ) .  

Possible Exp lana t ion  of the  Limited Ver t icu l  Range  of E f fec t ive  
Sand-Blast Erosion.-When it is borne in mind that within desert 
areas particles of sand are during sand storms raised to very con- 
siderable heights, one is at  first surprised to find that the efficiency 
of sand-blast erosion should here be both so limited and so definite 
in  range. It is 
certainly true that the size of the lifted grains of sand falls off 

11 John Ball, Kharga Oasis, Its Topography and Geology, Geol. Sur. Dept., 1889, 
part 2, Cairo, 1900, p. 92. 

12 Eolovyi Gorad (Russian), 1911, figs. 13 and 14. 

For  this there are probably two principal causes. 

- 
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36 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

rapidly as elevation above the ground increases beyond a few feet, 
and that only the larger grains are competent to bombard obstructing 
surfaces with much force. For the smaller grains adhesion and 
friction with the air is relative to their mass, so large that they 
acquire but little momentum, whereas for the larger particles the 
momentum (which measures the striking force) is for each particle 
more nearly equal to its mass into the square of the wind velocity. 
But  erosion by sand-blast depends upon the number of hits as well as 
upon the striking force of each sand grain, and it is the lower zone 
of the air in which the density of the sand-air complex is particularly 
large. Within this zone during a strong wind the air highly charged 
with sand may be looked a t  in a somewhat different way and regarded 
as a fluid whose density is two o r  three times that of the air alone 

Added to the chipping effect of the sand bombardment upon an 
exposed rock surface, there is the scouring effect of the grains which 
strike glancing b10ws.l~ Now the chipping and scouring actions both 
depend upon the greatly increased velocities within the eddies which 
exist in  the lower layers of the air, and it is highly probable that the 
upward limitation of eddies having sufficient strength to lift the larger 
sand grains has fixed the sharp upper limit of more effective sand- 
blast erosion. To realize how great may be the velocity difference 
between the eddies and the surrounding air, one has only to oonsider 
the contrast between the larger local eddies and the surrounding air 
a t  the time of destructive storms. 

Air  and water are fluids which are controlled in their movements by 
similar laws, and the problems of transportation of debris by these fluids 
differ chiefly in the different specific factors of viscosity. Fo r  water 
flow as  modified by friction on solid surfaces, a valuable experimental 
study of the formation of eddies was made by Reynolds in  1883.15 
It was found that the less viscous the fluid the more prone it is to 
eddy, that eddying is excited by any roughness of the surface over 
which the current flows, and by any lack of steadiness of the current 
itself. It was further shown that there is a critical velocity of the 
current above which eddying takes the place of a direct forward flow. 

Much knowledge of the nature and the dimensions of the air eddies 
near the surface of the ground has been supplied by Cornish in a 

(.004s to .0072y3 

13 Herbert Chatley, The Force of the Wind, London, 1909, pp. 77-78. 
14 Chatley has given a rough formula for the scouring action, namely AV2 (.OOOOl 

to .000015), where A is the area wetted (in water) in square feet and V is the 
velocity of the wind in feet per second (1, c. p. 79). 

1 5  Osborne Reynolds, An experimental investigation of the circumstances which 
determine whether the motion of water shall be direct or sinuous and of the law 
of resistance in parallel channels, P7d. Trans., 1883, pt. 11, pp. 935-982. 
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VERTICAL RANGE O F  SAND-BLAST EROSION 37 

study, in part experimental and in part observational, the latter carried 
out in the Egyptian Desert.“ 

Cornish’s experiments show that over a flat sand surface the effect 
of a strong current of air is to produce ripples of sand corresponding 
in position in the plan with the eddies which are found in the lower 
stratum of air, and that the wave 1engt.h and amplitude of the ripples 
increase steadily with the time which the wind blows over the surface. 
The ripples run transversely to the wind direction and are frequently 
striated along the wind direction. The air motions within the eddies 
thus appear to resemble the motions of ranks of hoops traveling for- 
ward with approximately the same velocity. When the force of the 

f- 

FIG. 1. Ideal longitudinal section of a stream, illustrating the hypothesis to 
account for the sub-surface position of the level of maximum velocity (after 
Gilbert). 

wind falls off the ripples fill and becoming less distinct, the fall of 
a shower of sand soon smoothes out the surface. But this is again 
quickly covered with ripples under the renewed action .of a strong 
current of air. A limit seems to be set to the size of the ripples, for 
any increase in height of the windward ridges though increasing the 
strength of the eddy directly above and causing a forward saltation of 
the grains, reduces the height of the ridge at the same time that it 
contributes toward the filling of the trough in front. A lateral trans- 
verse differentiation in the force of the eddies, which is rhythmic as 
regards space, produces undulations within the ripples and in some 
cases the horseshoe-like depressions in the sand which have become 
known as fuljes. 

Though Cornish appears to find that heterogeneity of the sand is 
necessary for the formation of ripples-the larger grains producing 
small eddies which are sufficielntly powerful to lift the smaller grains 
in the vicinity-the work of other observers indicates that eddies are 

16Vaughan Cornish, On the formation of sand dunes, Geogr. Jour., Vol. 9, 
1897, pp. 278-309. See also with reference to water ripples H. Blasius, Ueber die 
Abhlngigkeit der Formen der Riffeln und Geschiebebiinke vom GefLlle, Zeitsch. 
f .  Bauwesen, Vol. 60, 1910, pp. 466-471, Atlas, pls. 49-50. The mathematical side 
of the subject has been developed with literature references by A. E. H. Love, 
Hydrodynamik, Encyklopaedie der Math.-Wissensch., Vol. 4, Nechanik, (vol. l ) ,  
pp. 76-83 et seq., and for  air especially by S. Finstemalder, ibid, Aerodynamik, 
pp. 149-170. 
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38 W. H. HOBBS-THE ORIGIN O F  DESEET DEPRESSIONS 

produced in  the air even over a smooth surface. Gilbert explains this 
as due to the couple caused by friction upon the floor or ground, which 
retards the forward movement of the a i r ;  and he makes this fact and 
the existence of secondary reversed vortices immediately above account 
f o r  the subsurface position of the level of maximum velocity of cur- 
rent.17 (See fig. Ij.  
W e  are inclined to believe that in this distribution of the eddies is 

to be found the best explanation for the sharp upper limit of effective 
sand-blast action, the limit falling at  the upper level of the primary 
“ forward ” eddies, a t  which level they are replaced by the secondary 
(‘ backward ” eddies. 

To no one are we more indebted than to Professor Brunhes for 
emphasizing the importance of the eddy in erosional processes both 
sub-aqueous and sub-aerial.’’ 

(Fig. 1.1 

Side-lights upon the Position of Eddies in Fltiids Supplied by thd 
Field of Ship Const~cition.-Experimentally the study of eddies 
within air currents above the desert may be approached from an  
entirely different angle. The general similarity of the mechanical 
conditions within the two types of fluids has already been made use 
of and conclusions drawn. I n  a wholly different field, that of ship 
construction, experiments have been conducted by Ahlborn which are 
most i1luminating.l’ As regards the formation of eddies within the 
fluid it is obviously immaterial whether the fluid is in motion and 
the obstruction stationary, as in  the desert problem; or the fluid be 
stationary and the obstructing solid body drawn through it. In  Ahl- 
born’s experiments bodies of various shapes were drawn at  uniform 
rates through water within a tank. and by means of special illumina- 
tion of particles of lycopodium powder which was disseminated in the 
water, the effects were photographed by a moving camera. By attach- 
ing coarse grains to the surface of a board, eddies of sufficient ampli- 
tude were produced to show plainly in the photograph (Pl. X X I I I a  J. 
A board placed at right angles to the direction of translation and drawn 
through the water, reveals in the photograph the wedge of dead water 
which forms in  front and a bi-lateral system of eddies upon the rear 

1 7  G. K. Gilbert, the transportation of debris by running water, Prof. Pap. U .  8. 
Geol. Surw., No. 86, 1914, p. 248, fig. 83. 

18 Jean Brunhes, Sur quelques ph6nomPnes d’Brosion et  de corrosion fluviales, 
Cornptes Rendua, Vol. 126, 1898, pp. 557-560. Le travail des eaux eourantes, Y e m .  
SOC. Prabourgeoise des Sciences Naturelles, Fribourg (Suisse), 1902, pp. 153-224, 
figs. 1-10, Sur le r6le des tourbillons dans I’brosion Boliennes, Comptes Rendus, 
Vol. 135, 1902, pp. 1132-1134. Erosion tourbillonaire Bolienne, Contribution a l’btude 
de la morphologie dbsertique, Mem. della pont i f .  Acced. dei Nuovi Lincei, Vol. 21, 

19 Fr. Ahlborn, Hydrodynamische Experimentaluntersuehungen, Jahrb. der Schiff- 
1903, pp. 129-148, PIS. 3-4. 

bautechnischen Gesellschaft, Berlin, Vol. 5, 1904, pp. 417-453, figs. 1-29. 
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THE RUFFLED SURFACE O F  DESERT ROCK 39 

side (Pl. XXVb). A later study dealing especially with the eddies is 
even more instructive from the point of view of the desert geologist.” 
Solid bodies of different shapes were drawn through the water and 
the dead wedge in  front and the system of eddies behind shown in 
photographs. Those which are of most interest in showing the eddies 
yielded by obstructions which project above the general level of the 
desert floor have been schematically represented in Fig. 2. These 
studies seem, therefore, to have supplied an explanation for the peculiar 
forms of the Jardangs described by Hedin and for the porpoise-like 
features which are produced by wind erosion from a single direction 
out of the lake beds exposed near Markaz-el-Sherikah in  the Libyan 
Desert (Pls. XIX and XX). 

a a 

b b 

c C 
F2)7. 

Ahlborn). 
Eddies about obstructions of various forms drawn through water (based on 

The ru f l ed  Surface of the Desert Rock.-The experiments and 
observations above described to show the character of eddies produced 
in the lower stratum of air over the desert floor, have shown that 
these eddies have a motion of forward translation which is reflected 
in  layers of sand by the rippled surface. Just  as the initial irregulari- 
ties in the surface of the sand layer induce the formation of eddies 
in the air  layer above, so the irregularities of surface of the desert rock 
when in coherent masses must likewise be responsible for the forma- 
tion of eddies above, and these eddies armed with grains of sand are 
capable of accomplishing erosional work upon an altogether surprising 
scale. Unlike the eddies over sand-dunes, these are fixed in position, 

20 Fr. Ahlborn, Die Wirbelbildung im Widerstandsmeehanismus des Wassers, 
ibid, Vol. 6, 1905, pp. 65-81, Figs. 1-23. Die Widerstandsvorgange im Wasser 
an Platten und SchiffskBrpen, Die Enstehung der Wellen, ibid., Vol. 10, 1909, 
pp. 370-436, PIS. 1, 2, 7, 8. 
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40 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

and the erosional work which they accomplish is dependent not alone 
upon the wind velocity and the charge of sand, but is subject to a 
steady acceleration as the rock surface takes shape under the eroding 
process. The character of this surface, which is developed in  great 
perfection at  many localities over the great Libyan hamada, can in 
no way be so well described as  by comparison with the ruffled surface 
of the sea while a fresh breeze is blowing (PI. XYVa). This surprising 
likeness is undoubtedly due to a common cause-the readiness of the 
water surface quickly to take shape in  response to the air eddies above 
it, thus in  large degree making up for the brief time interval during 
which the system of eddies may be considered to be stationary in 
position. 

As regards the rock surface the scale of the rufflings varies between 
wide limits, and the elongated hollows of the surface in the rock, 

b 
FIG. 3. a, Tranverse ,section of early ruffles upon the rock surface. a, Mature 

ruffles. b, Longitudinal section of early ruffles. 

as in  the water which is suggested for comparison, are of many orders 
of magnitude occurring together, the smaller superimposed upon the 
larger (PIS. XXIIIb and XXIV). Owing to the fact that the station- 
ary eddies may continue their shaping influence almost indefinitely, 
sharply accentuated types of relief pattern are  produced f o r  which 
there is no parallel in the r d e d  surface of water (Fig. 3a). It would 
therefore be proper to speak of early and mature rufflings of the rock 
surface. I n  a rock so dense as the finely crystalline limestone which 
forms the upper layer of the Eocene and likewise the mesa-capping of 
the Libyan hamada, the polish of the surface becomes so perfect that 
it gives a blinding mottled glare under the desert sun. 

It is interesting to note that rock surfaces similarly ruffled have 
been produced by the eddies in cataracts, though these surfaces had 
been seldom brought to the light previous to the modern epoch of 
gigantic hydro-electric projects. Under the name of a (( new process 
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IDEAS RESPECTING ORIGIN O F  DESERT DEPRESSIONS 41 

of fluvial erosion” Lugeon has described such surfaces from the 
Yadkin River in North Carolina.*l 

EVOLUTION OF IDEAS RESPECTING THE ORIGIN OF DESERT DE- 
PREssIoNs.--Conception of the Abandoned Sea-Floor.-Theories of 
origin of desert depressions which have been offered by geologists, 
have obeyed the rule of custom in that they have pictured the most 
familiar scenes to those with whom they originated. Always within 
easy access to the sea, as European geologists have been, its aspects 
were familiar, and two noteworthy peculiarities of deserts-the deposits 
of salts and gypsum and the dunes of sand-were quite naturally 
brought into prominence with their suggestion of the former presence 
of the sea. 

It is upon the same plan that the simple nomad of the desert has 
builded his theories, for when Sickenberger asked the Bedouins in 
his caravan what agent had shaped the country about them, they 
replied without hesitation, “ E l  hccuer,” the wind. 

The idea that the Great Sahara is the dried bed of an ocean is as 
old as Erastothenes and Herodotus, and the existence of this ocean 
was even within five and thirty years a burning question among Euro- 
pean geologists, the ingenious theory of Escher von der Linth having 
held that through preventing the Alpine Fiihn the Sahara Sea had 
brought on the “ Ice  Age” of Europe. This supposed origin of the 
Fijhn in Africa we now know to be erroneous, but it was not until 
1883 that Karl  von Zittel, the geologist of the Rohlf’s Expedition to 
the Sahara, was able to lay this specter of the desert and prove that the 
much discussed Sahara Sea had been a creation of the imagination.22 

That deserts have originated in arms of the sea is, however, a gen- 
eral notion which has been applied to one desert basin after another 
and adhered to with varying degrees of pertinacity. To the deposits 
of salt and sand, which had been brought forward as conclusive proofs, 
there was generally to be added the evidence of former strands which 
were clearly the work of water waves. I n  no small measure the 
tenacity with which this doctrine was held is to be ascribed to the 
then generally accepted theory of O c h ~ e n i u s ~ ~  of the origin of salt 
deposits. With the aid of this well known theory, much magnified 
barrier beaches were erected at convenient times so as to transform 
arms of the sea into interior basins to be subsequently evaporated, 
the bars being let down again with almost human prevision as the 

21 Maurice Lugeon, Sur un nouveau mode d’6rosion fluviale, Comptes Renaw, 
Le striage du lit fluvial, Ann. de GBogruphie, Vol. Vol. 156, 1913, pp. 582-584. 

23-24, 1914-15, pp. 385-393, P1. 11, Figs. 1, 2, 4. 
22 I(. A. v. Zittel, I.c., pp. 31-42. 
2 3  C. Ochsenius, Die Bildung der Steinsalzlager und ihrer Mutterlaugensalze, etc., 

Halle, 1877, pp. 172. 

D
ow

nl
oa

de
d 

by
 [

R
M

IT
 U

ni
ve

rs
ity

] 
at

 2
1:

47
 2

5 
Ja

nu
ar

y 
20

16
 



42 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

state of concentration of the salts made such a change either necessary 
or desirable. 

Supposed Tectonic Origin of Desert Basins.-That deserts are often 
interior basins separated by plateaus or by mountain ranges from 
the sea was early recognized, and in going farther back to explain their 
origin, a hardly less common condition was encountered in  the existence 
of displacements about their margins. It was not always taken into 
account that upon the margins only, where the rock surfaces are well 
exposed would it be easy, or in fact possible, to prove the existence of 
dislocations even where present, and too much stress has perhaps in 
many cases been laid upon the strictly marginal character of the desert 
displacements. The inevitable result has been that the depressions 
were rather generally ascribed to profound tectonic movements in 
which the floors of the basins represent depressed orographic blocks 
deeply covered by alluvial deposits derived from the surrounding 
plateau country. 

Under the spell of all these ideas deserts have quite generally been 
pictured as wastes of sand and salt generally lying below the level 
of the sea. It has been the work of modern explorers to dispel these 
illusions and to show that the rock desert is, area for area, vastly 
more important than the waste of sand. According to v. Zittel not 
more than a ninth of the area of the Great Sahara is sandy desert. 
Desor supplied a simple classification based upon the terminology of 
the Arab nomads which though a partial one only, has come into more 
or less general use.24 According to him there are: (1) the plateau 
desert or  lzamcida with its rock surface; (2)  the erosion desert or 
Djiif; and, ( 3 )  the sand desert or Erg (also called Areg j .  To these 
v. Zittel added a fourth, the mountain range desert (Gebirgswuste).*' 

R6le of Climatic Chccnge.-v. Zittel reached the conclusion that 
the desert depressions had been produced by the action of running 
water, being led to this by the indubitable evidence which he dis- 
covered of former conditions of higher precipitation, and by the fre- 
quent occurrence of now dry water courses or wadis. That deserts 
may have their origin in atmospheric rather than in purely litho- 
spheric changes is now generally recognized, and this conclusion of 
v. Zittel though in error in some respects, marked an important 
advance over existing views in his time. The! origin of the present 
day desert depressions is thus inseparably connected with the ques- 
tion of changes of climate since the last ice age, and the almost world- 

24 E. Desor, Le Sahara, ses differents types de deserts et d'oasis, Bull. Sac. Sci. 
Nut. de Neilchatel, 1864, also Die Sahara, Basel, 1871, pp. 4-25. 

25K. v. Zittel, lx., p. 7. To these should now be added the gravel desert due to 
the armoring process, the salt desert of which Central Lop is an example, and also 
the clay desert. 
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DEFLATIOX AND EXCAVATION 43 

wide evidence which has been discovered of a higher precipitation 
during Pleistocene times has led many to follow the lead of V. Zittel 
and to ascribe the erosion of the depressions to river action during 
a pluvial period. 

An adequate idea of the important effects of climatic change is 
only seldom acquired owing to the fact that the changes are so sloiw 
as not to be impressive. I n  a relatively humid country like Europe 
the effects of increased desiccation are not strikingly brought out 
unless the accounts be removed in time by long intervals. A com- 
parison of the history of the Roman conquests beyond the Alps with 
a statement of present conditions is, however, most illuminating. 

There is, it would seem, a critical stage in  the desiccating process, 
a t  which the springs suddenly fail and the lack of rain prevents seeds 
from germinating. Simultaneously the animal life is either driven 
away o r  perishes upon the ground. The recent arrival of this critical 
stage of desiccation in  the Waterberg province of German Southeast 
Africa, has been most vividly portrayed by a keen observer upon the 
ground.' 

Similar but less striking evidences of rapidly increasing desiccation 
have been supplied from Northern Africa." 

Deflation. and Consequent Excavation.-Yet except in so fa r  as land 
barriers have been erected through tectonic movements or as rivers 
have flowed out to the sea through the ramparts which surround 
kxisting deserts, it is difficult to see how running water, be it ever so 
vigorous in  its action, can have played any other than a secondary 
rale in  the formation of the desert depressions. It may, indeed, bring 
down the rock material from the higher to the lower levels and spread 
it in a manner suited to its further lifting and removal by another 
agent ; but since it must always transfer from higher to lower levels, 
its part in removing material from an inclosed basin must always 
be nil. An agent competent to remove rock material from the basin 
and so accomplish its excavation must, quite unlike running water, 
be able to transport from Zolwer to  higher levels. The only available 
agent known to have this property and not excluded by the evidence 
is the wind, which in desert regions attains a force quite unparalleled 
within temperate humid regions. 

The credit for  clearly appreciating the efficiency of wind as an 
excavating agent in  deserts belongs to Professor Johannes Walther, 

2 6  Advocate Eugene N. Marias, R. J. P., Reitfontein, Waterberg, Notes on 
some effects of extreme drought in Waterberg, South Africa, Agricultural Journal 
of the Union of South. America, February, 1914, reprinted as publication 2342 of 
the Smithsonian Report for  1914, pp. 511-522. 

27Frank R. Cana, The Sahara in 1915, Geogr. Jour., Vol. 46, 1915, pp. 342-346. 
A. Grund, Die Problema der Geomorphologie am Rande von Trockengebieten, 
Sitzungsb. d. Wiener Akad., Math.-Naturw. Kl., Vol. 115, 1906, Abt. I, pp. 4-5. 
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44 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

who has devoted a lifetime to the study of desert conditions through 
extended scientific travels. As early as 1890 in his, “ Die Denudation 
in  der Wii~te ,”~’  he showed the competency of desert winds to lift 
and remove the rock debris prepared for it by the peculiarly effective 
processes of desert disintegration and decomposition. To this lifting 
and transporting quality of the wind Walther gave the name deflation, 
and he urged its efliciency as an  excavating agent with even greater 
force in 1900 and again in 1912 in  his now classic work upon desert 
 condition^.^^ To his main conclusion he had been led by the studies 
of Baron von Richtofen upon the great loess deposits of China,30 which 
if truly wind deposited, as  von Richtofen believed, required that the 
fine rock material must somewhere have been lifted with the inevitable 
consequence of hollowed surfaces or depressions. 

The effectiveness of Walther’s argument consisted in showing that 
the deserts, whether hamada, DjGf o r  Erg, are in the main Abflms- 
lose, or have interior drainage, and that the wind not only actually 
raises and transports both sand and dust, but that the latter passes 
out of the desert in large quantities. This latter argument received 
strong support in the classic work of Thoulet upon the deep sea 
deposits, since this showed that the mineral constituents which were 
found mingled with the organic lime oozes of the ocean, correspond 
well with the material which is raised and transported in dust 
From extended measurements made by Udden the size of these particles 
is found to be generally less than 0.1 mm. in diameter.32 

T h e  ‘ I  trades dust” over the Atlantic Ocean west of the Sahara 
Desert.--In the tenth century the portion of the Atlantic which lies 
between the Canary and the Cape Verde Islands, or that lying to the 
west of the Sahara Desert, was known as mure tenebrosum, for the 
reason that the sky was there so often darkened by dust (“ Trades 
dust”) .  The easterly trades of the region would clearly indicate the 
origin of the dust in winds blowing out to sea from the great African 
Desert. This idea was, however, combatted by Ehrenberg upon the 
erroneous suppositions that the Sahara sands are white and that the 

New 
Edition entirely rewritten published by Quelle und Meier, Leipsic, 1912, pp. 342, 
figs. 147. 

30 F. von Richtofen, China, Ergebnisse eigene Reiseu und darauf gegrundeten 
Studieu, Berlin, 1877, vol. 1, pp. 56-125. On the Mode of Origin of the Loess, 
Geol. Mag., Dee. 11, vol. 9, 1882, pp. 293-305. 

31 M. J. Thoulet, Analyse d’une poussiere Bolienne et consid6rations generales 
relatives a I’influence de la deflation sur la constitution lithologique du sol o&anique, 
Ann de Z’Institut Ocianographique, Paris, 111, faze., 2. 

32 J. A. Udden, Erosion, Transportation, and Sedimentation performed by the 
Atmosphere, Jour. Geol., vol. 2, 1894, pp. 318-331. 

25 Johannes Walther, Abh. d. k. sach. Gesellsch. d. Wiss., vol. 16, 1890. 
29 Das Gesetz der Wiistenbildung, Reimer, Berlin, 1900, pp. 175, figs. 50. 
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CHANGE I K  AMERICAN OPINION 45 

winds of the region blow in the contrary direction. The proof that 
dust over this portion of the Atlantic is in  reality derived from the 
Sahara region has been clearly established by Hellman upon both 
meteorological and geological grounds.33 

The Beginning of a Change in  American 0pinio.n.--It cannot be 
claimed that Walther’s views, though so convincingly presented and 
supported by such a wealth of observation, brought any early change 
in  the prevalent notions respecting the origin of desert depressions. 
In America, where large monographs had been published upon the 
geology of the vast interior basins, the influence of the wind as an 
excavating agent had been entirely overlooked. Gilbert in a carefully 
guarded statement covering a few pages only, has quite recently 
suggested that certain hollows occupied by small lakes within the 
Great Plains area lying to the east of the Rockies, may possibly have 
had their origin in lifting and transportation3’ of loose materials by 
the wind. (The greater vegetation of Smerican as opposed to Old 
World deserts may perhaps in  part account for some difference in 
viewpoint.) 

These small depressions are, however, more to be compared with 
those which are so common a feature of the Karroo and Kalahari in 
Africa, which as  Passarge has shown, while somewhat diverse in  
their origin, have in all probability arisen through wind action assisted 
by the movements of the vast herds of large animals which inhabit 
the region.35 A f a r  more important paper dealing with the subject 
of excavation within the American desert regions, is that of Cross, 
who shows that soils in the mountains of Colorado are probably eolian 
in  origin and derived from the plateau country to the westward. After 
describing the obvious large measure of deflation in portions of Ctah, 
he concludes that the effective degrading power of the wind has not 
been fully appreciated by those who have studied the desert regions 
of the 

33G. Hellman, Ueber die auf dem Atlantischen Ozean in der HShe der Kapver- 
dischen Inseln haiifig vorkommenden Staiibfalle, Monatesber. B e d  A k a d  miss., 
1878, pp. 364-403. Also, Ueber die Herkunft der Staiibfiille im “Dunkelmeer, ” 
Sitzungsber. kgl. preuss. Akad. Wissensch., vol. 14, 1913, pp. 272-282. 

34G. K. Gilbert, Lake Basins created by Wind Erosion, Jour. Geol., vol. 3, 1895, 

35 S. Passarge, Die pfannenformigen Hohlformen der siidafrikanisehen Steppen, 

36 Whitman Cross, Wind Erosion in the Plateau Country, Bull. Geol. SOC. Am., 

It ie probably not well known that Professor Walther as long ago as  1892 
drew attention to the effect of wind erosion in the American Deserts (J. Walther, 
Die nordamerikanischen Wiisten, Perh. Gesell. f .  Erdkunde z. Berlin, vol. 19, 1892, 
pp. 1-14 (in separate) Also, The North American Deserts, Nut.  Geog. Mag., vol. 4, 
1892, pp. 163-176; and A comparison of the deserts of North America with those 
of North Africa and northern India, Science, vol. 19, 1892, p. 158. 

pp. 47-49. 

Pet. Yit., 57, 1911, 11, pp. 57-61, 130,135. 

VOI. 19, 1908, pp. 53-62, PlS. 3-4. 

D
ow

nl
oa

de
d 

by
 [

R
M

IT
 U

ni
ve

rs
ity

] 
at

 2
1:

47
 2

5 
Ja

nu
ar

y 
20

16
 



46 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

Island dfountains us  Erosion Residuals.-Fourteen years after the 
appearance of the (( Denudation in  the Desert )’ the same general 
explanation of the origin of desert depressions through wind erosion 
was independently brought forward by Passarge with emphasis upon 
new and important considerations, all based upon extended personal 
studies within the great deserts of South Central Af r i~a .~ ’?  (‘ The 
island mountain landscapes,” wrote Passarge, “ consist of wide plains, 
actual plains and not flat hilly country, out of which individual moun- 
tains rise like islands from the ocean.” As described by Passarge 
from Bechuana Land, the island mountains may be mere knolls or 
they may be high mountain masses thousands of meters in altitude, 
but always the floor of the plain meets the steep slope of the islands 
without any perceptible intermediate gradations of curvature. These 
island mountains Passarge found to consist uniformly of granite or 
of other massive and relatively resistant rock, whereas the rock of 
the surrounding desert floor was sandstone, clay, schist, etc., but in 
any case softer rocks o r  those which by reason of lamination planes 
or fissures were more easily eroded. It thus appeared that the island 
hills were the unreduced residuals of a denuded area, with the main 
surface of denudation a featureless plain quite independent of the 
dip of the strata underlying it. (See author’s examples in PI. XXVI.) 

The Rock Floor of the Desert Plain.-As already stated Passarge 
found the agent of denudation to be the wind, and to meet the objection 
that there was no obvious cause for the leveling of the plain, he called 
in  the infrequent rains, which according to his view tended to fill 
in the depressions which were hollowed out by the wind. 

The Swedish explorer of Central Asia, Dr. Sven Hedin, in  dis- 
cussing the origin of the Tarim basin, has likewise held the view 
that water deposition has counteracted a supposed hollowing effect 
of the wind, 

(( Theoretically a regular and powerful atmospheric current, blow- 
ing across a region in which it does not deposit the drift sand it carries 
with it, but only excavates, is indeed able to produce a considerable 
depression. But  in the Desert of Lop this result is counteracted by 
the quantities of water which fill the deepest parts of the basin with 
solid material, and bring them up au niveau with the country adjacent. 
What therefore during a certain period has been gained through the 
erosion of the wind, is lost again by the deposition, through the assist- 
ance of the water, of sand and silt. Precisely the same amount of 
solid material as is carried away in one place is accumulated in 

Thus he says: 

37 Sidgfried Passarge, Die Inselberglandschaft im tropisehen Afrika, Natumu. 
Wochenschrift,  N. F., vol. 3, 1904, pp. 657-665. RumpBiehen und Inselberge, 
Zeitsch. d. deutsch. GeoZ. Gesellsch., vol. 56, 1904, pp. 193-215. Die Kalihari, Reimer, 
Berlin, 1904, pp. 822 and atlas. 
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ROCK FLOOR O F  DESERT PLAIN 47 

another, the result being a flat alluvial expanse instead of a con- 
choidal depre~sion.~’ 

It is evident, however, that the main erosion of the Tarirn basin, 
if it is to be ascribed to wind erosion, has not been accomplished under 
the present but under former different conditions of climate which 
the researches of Huntington3’ show have existed in the past and will 
again recur. Hedin, who has appreciated this fact, says: 

“When the migratory lake of Lop-Nor shall finally have dis- 
appeared, and the extreme tentacle of the Tarim shall have died away 
in the sand higher up its course than it does- now, the wind will 
then be able to excavate the desert of Lop unchecked, producing a deep 
depression, the center of a never ending arid it^."^' 

The appearance of Passarge’s monographs upon the deserts of South 
Africa so impressed Professor Davis, who had developed his geographic 
cycle without reference to the vast arid regions, that in his “ The 
Geographic Cycle in an Arid Climate ”” he adopted Passarge’s ideas 
concerning the formation of level-floored basins under arid conditions 
through the action of wind erosion supplemented by running water; 
the level of the floor having no necessary relation to any baselevel as 
this term is understood in its application to humid regions. Mawson 
has supplied other examples from the Australian de~erts.~’ 

The traditional view which has held that desert basins are tectonic 
in their origin-that the depression is the result of the settlement of 
one or more orographic blocks-naturally led up to the view that the 
evenness of the desert floor was always to be explained through alluvia- 
tion from surrounding heights. Being thus a broad surface of deposi- 
tion, the surface of the rock was assumed to be covered to considerable 
depths. Passarge’s discovery that the floor of the plain was often of 
rock and that the surface deposits mere in any case comparatively thin, 
was, however, not an isolated one and has been confirmed by similar 
observations in other desert regions, some of which antedate by many 
years the date of Passarge’s first rnon~graph .~~ McGee, who had been 

88 Sven Hedin, Scientific Results of a Journey in Central Asia, 1899-1902, vol. 

39 Ellsworth Huntington, Lop-Nor-A Chinese Lake, Bull. Am. Geogr. SOC., 
The Pulse of Asia, New York, 1907, pp. 415, 

The Rivers of Chinese Turkestan and the Desiccation of Asia, 

2, 1905, p, 460. 

vol. 39, 1907, pp. 65-77, 137-146. 
maps and plates. 
Geogr. Jour., vol. 28, 1906, pp. 352-367. 

40 Hedin, I.c., p. 461. 
41 W. M. Davis, Jour. Geol., vol. 13, 1905, pp. 381-407. 
42 Douglas Mawson, Geological investigations in the Broken Hill Area. Mem. 

Roy. SOC. So. Australia, vol. 11, 1912, pp. 224-223, pl. VI. 2. 
43 W. J. McGee and W. D. Johnson, Seriland, Nut. Geogr. Mug., vol. 7, 1896, 

pp. 127-128. W. J. McGee, Sheetflood Erosion, Bull. Geol. SOC. Am., vol. 8, p. 91, 
C. R. Keyes, Geological Structure of New Mexican Bolson Plains, Am. Jour. Sd., 
V O ~ .  165, 1903, pp. 207-210. 
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48 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

forced by this discovery in the deserts of southwestern New Mexico 
and Northern Mexico to abandon the idea of an alluviated plain, sought 
to explain the even surface of the rock by sheetflood erosion, though 
this could obviously not apply to all parts of the desert floor. 

The Pebble Amnor of the Desert. It was Penck who first suggested 
the name of armoring (Paruerung) of the desert as a result of lighter 
and finer materials being carried away through deflation o r  wind 
transportation, while coarser or heavier fragments are left behind.44 
It was Walther, however, who by full descriptions and many excellent 
photographs showed the great importance of the process over vast areas 
in the arid I n  by far the larger number of instances “ peb- 
bles” composing the armor are harder nodules such as fossils, flints 
or concretions which are derived as a residual from higher beds that 
have been disintegrated and removed by the wind. Such thin veneers 
over rock have no doubt in many instances been taken for the surface 
portions of thick deposits of sediment. (See PI. XVII.) 

Planorasion. Though the desert floor approximates to a plane sur- 
face, it is by no means true that it is always level. This fact has 
been brought prominently forward by Dr. C. R. K e y e ~ , ~ ~  though his 
statements have been sharply challenged, and the records of well 
br ings seem to show that the rock floor of desert basins is less common 
a feature in the Great Basin region than Keyes has claimed. Working 
in conjunction with the processes of desert disintegration the wind 
acts as an abrading and eroding agent which, unlike running water, 
works up-hill. This process, termed by Keres planorasion, in the 
early stages of its action may grade a slope as steep as 4% (claimed 
to be not uncommon along the lines of railway crossing the western 
deserts of the United States), but this is probably near the limit of 
steepness of slope which planorasion can erode as a plane.4‘ Sheet- 

44A. PenckTDie Morphologie der Wiisten, Geogr. Zeitsch., vol. 15, 1909, p. 551. 
The result is a “gravel” desert. See ante, p. 42. 

45 Das Gesetz der Wiistenbildung, Edition of 1912, pp. 186-195. 
46 C. R. Keyes, Geological Structure of New Mexican Bolson Plains, Am. Jovr. 

Sci., vol. 165, 1903, pp. 207-210. Rock-Floor of Intermont Plains of the Arid 
Region, Bull. Geol. SOC. Am., vol. 19, 1908, pp. 63-92, pl. 5. Geologic Processes 
and Geographic Products of the Arid Region, ibid., pp. 570-575, pls. 38-41. Ero- 
sional Origin of the Great Basin Ranges, Jour. Geol., vol. 17, 1909, pp. 31-37. 
Certain Features of Eolic Gradation, Cong. G6ol. Intern. 12me Sess., Canada, 1913, 
pp. 1-5 (advance copy). These views of Dr. Keyes have been contested especially 
by Tolman (Jour. Geol., vol. 17, 1909, pp. 136-163) and Tight (Am.  Geol., vol. 
36, 1905, pp. 271-284) on the ground that desert floors are not generally of rock 
but are often overlain by considerable deposits of alluviated material. 

41 Barron has described from the Arabian Desert a distinctly inclined surface 
of Eolian planation which bevels the strata (T. Barron, The Topography and 
Geology of the District between Cairo and Suez, Surv. Dept. Egypt, 1907, pp. 
19, 115-116). 
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DEFLATIOIV A S D  ALLUVIBTION 49 

flood erosion, according to Keyes, instead of producing the planed 
surface of the desert floor is rather a direct consequence of it. The 
levelled floors of the South African deserts which have been described 
by Passarge, with little doubt illustrate later stages in the operation 
of the process of planorasion; and it is doubtful if the aggradation 
by running water invoked by Passarge is at all essential in order to 
account for the level surface. Moreover, as Keyes shows by examples, 
the wind is a far more potent agent in evening out by deposition any 
hollows of the! surface than is running water. 

The Possible Efect of CaZiche Armor.-Woodward in describing 
the great flat floors in the arid region of Western Australia, has shown 
that truncated schists are either at or near the surface, the truncation 
in his view k i n g  due to wind erosion and the level determined by 
the level of ground water sufficiently near the surface for capillary 
attraction to conduct the water to it and hold the material against 
the action of the Jutson who has since investigated the same 
region, has supplied an interesting explanation of the formation of 
these plains.49 The underground water in being drawn up to the sur- 
face brings with it dissolved mineral matter which is deposited in a 
surface layer to form a hard protective cap, which may vary in thick- 
ness from a few inches to a few feet. Jutson’s idea seems to be that 
the originally flattish surface provided with protective armor of this 
sort becomes broken through locally by gully formations at the time 
of infrequent but violent desert rains, and that thereafter the cap is 
progressively undermined by deflation so that in time a new plain 
develops at the new base level which eventually becomes armored as 
was the first. 

Two recent papers which have revived with ingenious elaborations 
the older theory of formation of desert floors wholly as a result of 
water erosion and alluviation, while ignoring the deflation process, are 
those of Paige” and Law~on.~l  

Relative Impostance of Deflation and Alluviation.-Whatever may 
be the relative measures of deflation and alluviation within desert 
basins-and we are still very far from a definitive settlement of the 
question-the dust clouds so generally to be observed upon the leeward 
margins of the basins and the eolian soils outside, show only too 

48H. P. Woodward, The dry lakes of Western Australia, Geol. Mag., (4) Vol. 

49 J. T. Jutson, An outline of the physiographieal geology of Western Australia, 

50Sidney Paige, Rock-cut surfaces in the desert ranges, Jour. Geol., Vol. 20, 

51 A. C. Lawson, The epigene profiles of the desert, Univ. of Calif. Pubs., Dept .  

IT, 1897, pp. 363-366. 

Bull. 61, Western Australia Geological Survey, 1914, pp. 142-168. 

1912, pp. 442-450. 

of Geol., Vol. I X ,  No. 3, 1915, pp. 23-48, pls. 1-2. 
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50 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

FIG. 4-Geological Sketch-Map of Egypt (after Hume). 

clearly that if the floors have been raised through alluviation, as has 
so generally been assumed, the measure of this work must have been 
many t4imes greater than that indicated by the thickness of the floor 
deposits. themselves, a fact amply confirmed by the coarseness of the 
alluviated materials. 

An apt illustration of what is meant is furnished by the Oriental 
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DEBLATION AND ALLUVIATION 51 

I 
30' 35' 

FIG. 5-Sketch-Map of Egypt and the Libyan Desert 

threshing process, where the bulk of t.he material-the chaff-is carried 
away by the winds, leaving behind upon the threshing floor a selected 
residue only, and likewise of the heavier and coarser materials. I n  
the case of deserts, this residue having much of it been brought down 
from the surrounding highlands through the process of alluviation, 
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52 W. H. HOBBS-TIIE ORIGIN O F  DESERT DEPRESSIONS 

easily gives the impression that the desert floor has been raised by 
alluviation, though it may have been actually lowered through deflation. 

THE OASIS DEPRESSIONS OF THE LIBYAN D ~ ~ ~ ~ ~ . - P h y s i o g r ~ g h i c  
Simplicity of the  L ibyan Desert.-Whereas the Arabian Desert lying 
eastward from the Nile toward the Red Sea presents some variety 
of topographic feature and a number of strongly developed valleys 
tributary to that river, the Libyan Desert to  the westward of the Nile 
is a broad featureless plateau or l ~ a r n a d a , ~ ~  which rises nearly 1,000 
feet above the bottom of the Nile rift, a plateau which is locally 
interrupted by more or less flat-bottomed basin-like depressions obvi- 
ously excavated out of the hamada. These basins are relatively few in 
number and often are of quite moderate dimensions compared to those 
of the plcteau as a whole. One of them, however, the Great or 
Kharga Oasis, covers a number of square degrees. The other oasis 
depressions are quite largely included in the rectangle bounded by 
the meridians of twenty-five degrees and thirty degrees east longitude 
and by the parallels of twenty-five degrees and thirty degrees north 
latitude (figs. 4 and 5). They are known as the Dakhla, Farafra, Ba- 
haria, and Siwa Oasis, the latter fa r  to the northwestward of the others 
and correspondingly difficult of access bv travelers (fig. 6) .  To 
those mentioned should perhaps be added the FayBm, which is con- 
nected with the S i l e  rift, the Wadi Natron, and Araj. The depths 
of each of these basins and the elevations measured from mean sea 
level of the rim and floor have been given as follows: 

Oasis 

Araj ........................ 
Faydm ...................... 
Xima ........................ 
Wadi Natron ................ 
Kharga ...................... 
Dakhla ...................... 
Farafra ..................... 
Lake Sitra .................. 
Baharia ..................... 

Elevation of Flooi 
in Meters 

-70 
-44 
-25 
-2 8 
-18 
$58 
+26 
-25 
+134 

Elevation of Rim 
in Meters 

+la0 
+340 

+205 
+448 
+485 
$320 

+311 

Depth of 
Basin in 

Meters 
190 
384 

207 
466 
391 
294 

With the exception of these basins the Libyan hamada may be con- 
sidered the most arid area upon the globe, since it is almost absolutely 
devoid of water. The hamada is actually little explored except along 
the established caravan routes connecting the basins. These basins 
themselves have, however, each been investigated and made the subject 

52  George Steindorff, Durch die Libysehe Wuste zur Almonsoase, Land-und Leute- 
Monographien zur Erdkunde. Velhagen und Klasing. Leipzig, 1904. 
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THE OASIS DEPRESSIONS OF LIBYAN DESERT 53 

FIG. 6. Sketch map showing the depressions in the Libyan hamada, based on the 
map by the Egyptian Survey 

of a special report., the Siwa oasis by the Public Works Ministry,63 
and the others by the Egyptian Survey D e ~ a r t r n e n t . ~ ~  

A crude attempt to present in vertical section the shape and p r e  
53  Report on Siwa Oasis, 1900. 
54Kharga Oasis, its Topography and Geology, by John Ball, 1900. 
Dakhla Oasis, its Topography and Geology, by H. J. L. Beadnell, 1901. 
Farafra Oasis, its Topography and Geology, by H. J. L. Beadnell, 1901. 
Baharia Oasis, its Topography and Geology, by J. Ball and H. J. L. Beadnell, 

1903. 
See also, Topography and Geology of the Faydm, by H. J. L. Beadnell, 1903; 

An Egyptian Oasis (Kharga), London, 1909, pp. 248; Ellsworth Huntington, The 
Libyan Oasis of Kharga, Bull. Am. Geogr.  SOC., vol. 42, 1910, pp. 641-661; Wm. 
H. Hobbs, A Pilgrimage in Northwestern Africa with Studies of Desert Condi- 
tions, Geogr. Rev., Vol. 3, 1917, pp. 337-365. 
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ORIGIN O F  THE DEPRESSIONS 5 5  

portions of the basins, has been made in fig. 7, with gross exaggeration 
of the! vertical scale. From these and from the map it will be apparent 
that the northerly and northwesterly margins of the depressions when 
compared to the opposite walls are remarkably steep, and that in the 
larger depressions the basins deepen gradually in the direction of these 
margins. The Govern- 
ment map indicates further that heavy sand dunes have formed upon 
the hamada on the south of the smaller depressions when a southern 
wall is indicated, and that the sand dunes starting from the southern 
margins of the depressions trail off to leeward to distances many times 
the diameter of the basins themselves. Of the smaller basins the floors 
are notably flat and are generally formed of the upper water-bearing 
layer of the Nubian Sandstone. 

This fact is believed to be one of significance. 

Origin. of the Depressions.-All the physiographic peculiarities of 
the basins appear to indicate their origin through the process of 
deflation, that is to say, to the lifting and transporting action of the 
wind, which here blows throughout the year from directions included 
within an extremely narrow sector a few degrees only to the west of 
north. It is highly probable from the arrangement of sand dunes that 
farther to the westward the constant winds approach more nearly to 
the northwesterly direction. The origin of the depressions through the 
agency of running water is inconceivable, for the reason that water 
has not the power when free flowing to transport material from lower 
to higher levels, here absolutely essential in order to accomplish the 
excavation . 

Walther has already invoked the deflation theory of origin to explain 
the depressions, without, however, making use of the evidence which 
is afforded by the official map,55 here printed in outline. Says Walther, 
“Yonder the hollows, here the areas of deposition are filling, and 
between both the wind bride marches. Whoever recognizes this con- 
nection and has followed it searchingly, must come to the conclusion 
that the deflation of the wind is the determining factor in the fashion- 
ing of the desert relief.” 

What gives to the Libyan desert its special fitness as an area within 
which the problem of the sculpturing agent may be decisively solved, 
is above all its excessive aridity and the fortuitous circumstance of an 
essential constancy in flat dip of rock beds and in wind direction. The 
criteria which seem to be decisive in the solution, are (1) the orienta- 
tion of the unsymmetrical basins with regard to the wind directidn, 
( 2 )  the location of the sand and dust accumulations to the leeward 
of the basins, and (3)  the halting of the process of excavation in the 

55 Johannes Walther, The various articles of earlier years are summarized in 
“ Das Gesetz der Wustenbildung” 2te. Aufl., 1912 ; General discussion, pp. 164-179, 
special application to  the Libyan depression, pp. 205-211. 
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56 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

larger and maturer basins so soon as a water bearing formation has 
been laid bare. (Nubian Sandstone). 

Orientation of the Basins with Reference t o  Wind Direction.-The 
several basins appear to represent varying degrees of maturity in the 
excavating process, the smaller and shallower ones being in general 
the younger. Such are Siwa, Baharia and the diminutive depressions 
of Araj, Lake Sitra and Lake Bahrein. Farafra and Dakhla oases 
obviously represent more mature stages, while Kharga with its large 
diinensions and pronounced asymmetry, is by fa r  the most mature 
of all. 

FIG. 8.--Xtages in the excax-ation of desert depressions by deflation initiated by 
local faulting 

Passing over for the present the cause of the localization of the 
basins, we note that the smaller depressions are  bounded throughout 
by steep walls, though these are much more precipitous and quite 
generally inaccessible upon the windward (north northwesterly) side. 
When the shaping of the basin is ascribed to deflation aided by the 
flying sand, the steep wall upon the windward side is readily explained 
by the eddy which is always turned under and backward above each 
hollow of the ground. Such an eddy would result in sapping and 
should produce the steep cliffs characteristic of that process in a wide 
range of geological phenomena. No such eddy should develop upon 
the leeward margin of the depression, where abrasion and deflation 
of more normal type would take its place and develop a backward 
sloping surface (with regard to wind), which would grow flatter as 
the area of the basin is enlarged. 

Significant Position of the Coarser Excavated Muterial.--The areas 
of dune sand which lie to the leeward of the Siwa and Farafra de- 
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LOCALIZATION O F  DESERT DEPRESSIONS 57 

pressions, and the similar small dune area connected with Lake Sitra, 
point strongly to the derivation of this sand from the excavation of 
those basins with which they are geographically connected. The long, 
narrow trail of dunes strung out upon the hamada toward the Nile 
valley from the central group of depressions, with little doubt has 
its beginning in an unknown basin lying within the great unexplored 
area to the westward of the Fayhm. Another unknown basin probably 
lies to the westward of the Dakhla or Farafra oasis. 

Deposition of the Loess as the Cotton Soil of the Sudan.-In addi- 
tion to the sand which moves along the desert surface by saltation and 
is carried to very moderate height8 only, the finer dust often reaches 
to considerable altitudes. Traveling with a relatively high velocity, 
this finer material is not permanently halted in its course until it 
encounters a moist surface. I n  the region under consideration such 
a moist surface is first met with where the tropical rains make their 
greatest advance to the northward, a limit which is reached some 150 
miles to the northward of Ehartoum. This loess deposit is, according 
to Mr. G. W. Grabham, the Geologist to the Sudan Government, of a 
thickness increasing to the southward and sometimes as much as one 
hundred feet in depth. It is the soil found suitable for cotton growing 
upon i r r iga t i~n .~ '  One of the dust storms arriving at  Khartoum from 
across the Blue Nile to the northward is represented in Plate XXIIa .  

Arrest of the Down,ward Excavating Process in. the Basins When 
the Wa,ter-Benring Sandstone Has Been Laid Bare.-The deflation 
process is arrested when rock layers containing water are encountered. 
The series of rocks represented, range from the Nubian Sandstone, 
which rests directly upon granite and metamorphic rocks, up  through 
Upper Cretaceous and Tertiary beds to terminate in a limestone of 
Miocene Age. As all are gently tilted toward the northward, the 
capping of the Hamada over a large part of the Libyan Desert is 
the Lower Eocene o r  Libyan limestone (fig. 8). The depressions are 
generally excavated out of this superior formation, the Upper Cre- 
taceous beds, and a considerable thickness of the Nubian Sandstone, 
until a water-bearing layer is reached. 

Cause of Localization of the Desert Depressions.-In the writer's 
belief the most probable cause of the localization of the basins, is to be 
found in local faulting amounting in the aggregate to some hundreds 
of feet, though distributed through a considerable zone and represented 
by small individual displacements upon each fault plane-a cause 

5 6  G. W. Grabham, Wells of the Northeastern Soudan, Geol. Mag., N .  S., Dee. 
V. 701. 6, 1909, pp. 265-267, fig. 1. See also Sir William Willcocks, Egypt Fifty 
Years Hence, address delivered a t  a meeting of the Khedivial Geographical Society, 
Cairo, March 15, 1902. Printed under title, The Restoration of the Ancient Irriga- 
tion Works on the Tigris River, Cairo, 1903, pp. 43-71. 

~ _ _ _ _  
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58 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

which may likewise be appealed to for explanation of the r i f t  of the 
Nile itself. Eduard Suess5‘ was one of the first to draw attention to 
the importance of meridianal fractures in fixing the course of the X l e  
rift. Passarge5’ has since supplied a much more comprehensive treat- 
ment of the tectonic lines of the African Continent. The reports of 
Barron and H ~ m e , ~ ’  and H ~ m e , ~ ’  covering the Arabian Desert 
and the Desert of Sinai, show how for these areas the course of each 
wadi is controlled by dislocations. This control by fractures is given 
expression by the official maps in  numerous localities. 

I n  ascending from the Nile rift along the wadi from Qara by the 
railway to Kharga Oasis, the existence of a layer of large concretions 
permits one to note the presence of hundreds of faults of small dis- 
placement (usually from one to  two feet) with sub-equal space intervals. 

Within the Kharga Oasis Ball has called attentio,n to the presence 
of faults. I n  summarizing he says, “F rom the foregoing brief dis- 
cussion of the tectonics of the oasis, it will be apparent that the whole 
area has undergone disturbance resulting in folding and faulting ; and 
since the faults affect the highest rock on the plateau, it is clear that 
they took place since the deposition of all the strata which now occur 
in the oasis.”62 

It is not necessary that the disturbances of the strata which have 
been responsible for the excavation of the oases within the Libyan 
Desert, should be essentially different from those which the writer 
observed especially upon the eastern margin of the hamada toward 
the Nile rift. I n  order to understand how small displacements can 
initiate excavation within the hamada, it is necessary to take into 
account the thin capping of “glass hard”  limestone which is here 
underlain by a softer limestone with interbedded layers of marl and 
clay, the entire series ranging from 76 to 136 meters in thickness. 
This is in turn underlain by the gray and green clays of the Esna 
Shales. The thin but resistant mesa cap is but slowly worn away 
by the desert sand blasts, and is polished until it glares in the sun like 
burnished metal. Once lifted by local faulting the cutting sand attacks 

57 E. Suess, Die Briiche des iistliehen Afrika, Denksch. Wiener Akud., Muth. 

68 S. Passarge, Die Kalihari, Berlin, 1904, pp. 79-80. 
5 0  T. Barron and W. F. Hume, Topography and Geology of the Eastern Desert 

(Central Portion), 1902. 
$60 John Ball, A Description of the First or Aswan Cataract of the Nile, 1907. 

See also, H. J. L. Beadnell, The Cretaceous Region of Abu Roash near the Pyramids 
of Giza, 1902. 

161 W. F. Hume, The Topography and Geology of the Peninsula of Sinai (South- 
east Portion), Surv. Dept. Egypt, 1906, pp. 29-37. 

6 2  John Ball, Kharga Oasis, Its Topography and Geology, Snrv. Dept. Egypt, 
1900, pp. 95-100; See also J. H. L. Beadnell, An Egyptian Oasis, pp. 53-54. 

Nuturw. m., vol. 58, 1891, pp. 555-584. 

D
ow

nl
oa

de
d 

by
 [

R
M

IT
 U

ni
ve

rs
ity

] 
at

 2
1:

47
 2

5 
Ja

nu
ar

y 
20

16
 



FORMER CLIMATE OF LIBYAN DESERT 59 

the soft underlying shales, a process which may be observed in opera- 
tion upon the eastern scarp of the Eharga Basin, for when once exposed 
the soft underlying shales are removed by deflation, thus sapping the 
limestone cap.63 

The stages likely to develop in the excavation of a desert basin 
as the results of such conditions, are set forth in Fig. 8, in which 
stage I11 is represented to-day by the small oases Siwa and Baharia, 
and stage I V  by the more mature types Farafra, Dakhla, and Kharga. 
We have chosen to represent marginal dislocations about a small 
depression, but the evolution can just as well be accomplished wherever 
small local disturbances are found, the one essential being that the 
sand blast be allowed to make its attack upon the soft shales beneath 
the hard limestone capping. Once laid bare, this loosely coherent 
material requires no considerable disintegration, but is lifted by the 
wind and carried away to leeward. Hume has recognized the impor- 
tance of this process when once the capping has been rem~ved. '~ 

Z Z m  Uamada 

FIG. 9.-Schematic diagram to show position of lake deposits and calcareous tufa 
in Kharga depression 

Former Climatic Strophe of the Libyam Desert.-If the basins 
within the Libyan Desert are to be regarded as the work of the wind 
which lifts and removes the material from beneath the hamada capping, 
and eventually also the disintegrated fragments of the latter; the 
major portion of the work must have been accomplished, not in the 
present arid cycle of the region, but in a former period of great 
aridity, separated from the present by a humid period. The evidence 
of this humid strophe is furnished by the calcareous tufa on the eastern 
scarp of the Kharga Basin and by other similar formations of cataract 
origin nearer the Nile, and also by extensive lake deposits, the remnants 
of which are still to be found in the bottom of the Kharga depression. 
These remnants of lake deposits have by the constant northerly winds 
been carved into asymmetrical north-south ridges (Fig. 9). The lake 
in which they were laid down must have had according to Beadnell 
at one time a depth of some 85 meters, and for a considerable period 
a depth of 70 meters. The deposits contain fresh water shells, bones 
of the ox and of either a horse, donkey or zebra, as well as pottery 
dating from the Graeco-Roman per i~d."~ The deposits of tufa which 
occur on the capping of the hamada and extend down the Refiif Pass 

16s Ball, I.c., p. 95. 
64 W. F Hume, The South West Desert of Egypt. 
66 Beadnell, An Egyptian Oasis, eh. viii. 
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60 W. H. HOBBS-THE ORIGIN O F  DESERT DEPRESSIONS 

into the oasis, inclose beside numerous fresh water shells, casts of 
leaves of deciduous trees, among them those of the oak, as was first 
pointed out by von Zittel.“’ There seems also to be evidence in the 
dregs in  exhumed pottery vessels that the vine was grown in the oasis, 
evidence which receives support from some of the inscriptions upon 
monuments in the valley. 

Ball’s difficulty in explaining the origin of these basins we believe 
is largely due to his failure to conceive the possibility of alternations 
of climate within cycles, passing from arid through humid to arid con- 
ditions again; a conception that now receives support in many fields 
and nowhere more than in  that of glaciers. Ball says, referring to 
the tufa deposits ;“7 

“As these tufa deposits were formed after the oasis had acquired 
substantially its present form, we must infer that the main excavating 
agency i n  past times cannot have been the sand blast, for this would 
be irreconcilable with the idea of a then prevalent moist climate. 

“ It is therefore most likely that the excavation was begun by the 
action of water, and after this ceased, owing to a total change in the 
climatic conditions, the work was continued and is being continued 
by the agency of wind and sand.” 

This failure to appreciate the alternations of climate (strophes) is, 
in the belief of the writer, responsible for much misconception among 
archaeologists and geologists alike. For example, the simple and 
natural explanation for the abundant big game fauna depicted in 
the wonderful mural decorations of the Ifastabas of T i  and Ptah- 
hotep at Sakkgra on the eastern margin of this desert, is that a wild 
animal life, not unlike that found to-day in the Uganda to the south- 
ward once lived here in  a humid climate. We know that a large stream 
poured its waters over the brink of the hamada into the great oasis, 
which then held a large fresh water lake. Upon this assumption only 
is it possible adequately to account for the much larger population 
and the high degree of civilization which then existed there.@ 

66 Geologie der Libischen Waste, 1883. 

68Geographical Review, vol. iii, No. 5, May, 1917, p. 344. 
67 I.C., p. 101. 
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